The aim of this review was to identify published randomized control trials (RCTs) that evaluated the efficacy and tolerability of suvorexant for the treatment of insomnia among older adults (≥65 years). A literature search was conducted of PubMed, MEDLINE, EMBASE, PsycINFO and Cochrane collaboration databases for RCTs in any language evaluating suvorexant for the treatment of insomnia in older adults. Additionally, references of full-text articles that were included in this review were searched for further studies. Data from three RCTs of suvorexant were included in this review. All the three studies fulfilled the criteria for being of good quality based on the items listed by the Center for Evidence Based Medicine (CEBM) for the assessment of RCTs. None of the three studies were conducted exclusively among older adults. However, they also included older individuals diagnosed with primary insomnia. These studies included a total of 1298 participants aged ≥65 years in age. Trial durations ranged from 3 months to 1 year. Available data from these studies indicate that suvorexant improves multiple subjective and polysomnographic sleep parameters for sleep onset and maintenance among older individuals with a diagnosis of primary insomnia and is generally well tolerated. Current evidence, although limited, indicates that suvorexant benefits older adults with primary insomnia and is generally well tolerated.
Introduction
The Diagnostic and Statistical Manual of Mental Disorders, 5th Edition (DSM-5), defines insomnia as a disorder where there is dissatisfaction with sleep quantity or quality that results in clinically significant distress or impairment in social, occupational, or other important areas of functioning [1] . Additionally, the DSM-5 states that this disorder should be associated with one or more of the following symptoms: difficulty initiating sleep, difficulty maintaining sleep, or early-morning awakening with the inability to return to sleep. The definition also requires that sleep difficulty occurs at least three nights per week for at least 3 months and occurs despite adequate opportunity for sleep. Furthermore, the sleep disturbance should not be attributable to the physiological effects of a substance or coexisting medical or psychiatric conditions [1] .
The International Classification of Sleep Disorders Edition Three (ICSD-3) combined primary insomnia and comorbid insomnia under the diagnosis chronic insomnia [2] . As per the ICSD-3, the criteria for chronic insomnia include the following: (1) A report of sleep initiation or maintenance problems, (2) Adequate opportunity and circumstances to sleep and (3) Daytime consequences. The criteria also state that the sleep problems should occur at least three times per week and last for 3 months.
Studies estimate that the prevalence of insomnia among adults is approximately 30% [3] , with greater risk for women and older individuals [4] . The prevalence of insomnia among the elderly is more noted to be approximately 50% [4, 5] . The sleep cycle is controlled by two biological mechanisms: the sleep-wake homeostasis and the circadian rhythm [6] . As we age, there is a partial breakdown of these mechanisms that may ISSN: 1740-4398 REVIEW -Suvorexant for insomnia in older adults drugsincontext.com be responsible for the high prevalence of insomnia in older individuals. In addition, many comorbid medical conditions may result in or worsen insomnia among older adults including respiratory disorders, cardiovascular disorders, digestive disorders and chronic pain [4, 6] .
Sleep impairment can have a significant negative impact on an individual's quality of life by causing malaise, chronic fatigue and increased risk of accidents [3] . Additionally, insomnia is associated with increased anxiety, irritability, cognitive decline, greater risk of falls and higher rates of mortality [7] . One study found that sleep deprivation causes the US economy to lose 1.2 million working days annually and US$411 billion in lost productivity [8] .
Pharmacological treatments for insomnia can be divided into four categories [9] . These include the following: 1. Medications approved by regulatory agencies and requiring prescriptions (e.g., benzodiazepines, non-benzodiazepine receptor agonists (non-BzRA), melatonin receptor agonists and histamine receptor antagonists); 2. Off-label uses of prescription medications that can enhance sleep (e.g., trazodone, mirtazapine); 3. Over-the-counter sleep aids (e.g., diphenhydramine, doxylamine succinate); 4. All other unregulated compounds taken for insomnia (e.g., valerian) [8] .
Although these medications can be effective for the treatment of insomnia, they are noted to have considerable adverse effect profiles. For instance, benzodiazepines are associated with psychomotor retardation, memory impairment, paradoxical disinhibition and high addictive potential, and should be avoided among the elderly because of the risks for falls, fractures, cognitive impairment and delirium [10] .
Suvorexant, a dual orexin receptor antagonist (DORA), was approved by the US Food and Drug Administration (FDA) in 2014 for the treatment of insomnia [11] . Orexin, a neuropeptide secreted by the lateral hypothalamus, is postulated to regulate the sleep-wake cycle [12] . There are two types of orexin: orexin-A and orexin-B. Orexin-A and orexin-B are derived from a common precursor peptide, prepro-orexin. Suvorexant suppresses wakefulness and promotes sleep by selectively blocking the binding of orexin-A and orexin-B neuropeptides to OX1R and OX2R receptors [13] . Animal studies suggest that DORAs may have less impact on motor performance [14] and cognition [15] when compared to benzodiazepines, characteristics that may be beneficial to older adults. Because suvorexant acts on a receptor different from those targeted by traditional sedative hypnotics, it may be used as an alternative for the treatment of insomnia among older adults who do not benefit from these traditional sedative hypnotics or develop adverse effects when treated with them [11] .
Two meta-analyses found suvorexant was superior to placebo in improving subjective time to sleep onset, subjective total sleep time and subjective quality of sleep in individuals with primary insomnia. In these studies, suvorexant was fairly well tolerated among participants [16, 17] . However, these metaanalyses included both younger and older adults. The aim of this current review is to identify published randomized control trials (RCTs) that evaluated the efficacy and tolerability of suvorexant for the treatment of insomnia among older adults (≥65 years).
Methods
We performed a literature search of PubMed, MEDLINE, EMBASE, PsycINFO and Cochrane collaboration databases on 30 September 2017 using the following key words: Suvorexant and RCT. The search was not restricted by the age of the participants or the language in which the study was published. However, the final analysis only included studies in human subjects published in English-language journals or those with official English translations. Internal full-text references were also searched for additional relevant studies.
All authors reviewed the abstracts and full-text articles from the citations obtained via the database search. The decision of which studies to include or exclude from the final analysis was reached after a review of the full-text articles by all authors. Disagreements between authors were resolved by a consensus.
Four authors (RRT, GM, SH and SS) abstracted the following data from each study: the year of publication of the study, country of origin, total number of participants, mean age of participants, type of setting in which the study was conducted, the comparators and the duration of the trial. Additionally, the authors collected the names of the rating scales used in each study, the primary and secondary outcomes and the tolerability of the medications used in each of the studies.
The quality of included studies was assessed by two authors (RRT, GM) using a checklist created based on the criteria developed by the Center for Evidence Based Medicine (CEBM) for the assessment of RCTs [18] . Study quality was rated as 'good' if all six items were met on the checklist, 'fair' if one or two items were absent or 'poor' if ≥3 items on the checklist were absent. All studies were included in the final review irrespective of the quality of the study.
Results
A total of 55 articles were identified from the literature search. After excluding duplicates, 35 articles remained for screening by the authors. Among these, 33 studies were excluded as they dealt with younger patients, did not pertain with the safety and efficacy of suvorexant or were not RCTs (Figure 1 ). Among the remaining two articles [19, 20] , one article [20] contained data from two separate RCTs.
None of the three RCTs identified in the literature search evaluated the use of suvorexant for the treatment of insomnia exclusively among individuals aged ≥65 years. However, they did include individuals ≥65 years in age [19, 20] (Table 1 ). All included studies were rated as being of good quality based on the CEBM criteria ( Table 2 ).
The study by Michelson et al. was conducted in academic and private investigational centers in the Americas, Australia, Europe and South Africa [19] . The second set of studies by Herring et al. was conducted at multiple investigational sites in the Americas, Europe, Asia and South Africa [20] . All three studies used placebo as a comparator to suvorexant [19, 20] . The three studies are described in detail in the next section of the article. Table 3 summarizes the results from these three studies (Table 3) .
Michelson et al.
Individuals who were ≥18 years in age and met the DSM-IV-TR criteria for primary insomnia were included in the study [19] . Based on age, this study was stratified into two groups -one group <65 years old and the other group ≥65 years in age.
The investigators utilized a randomized, placebo-controlled, parallel-group design. After a 1-week single-blind placebo run-in screening period, participants were randomly assigned to receive either nightly suvorexant or placebo in a 2:1 ratio.
The participants who were ≥65 years in age received 30 mg of suvorexant for 1 year. At the end of 1 year, participants were randomized to continued treatment with suvorexant or switched to placebo in a 1:1 ratio for another 2 months. Participants receiving placebo remained on placebo. Although we wanted to investigate the outcomes exclusively among Continuing treatment after 1 year showed better retention of treatment gains than treatment discontinuation (sTST 20%, HR 0.471, 95% CI 0.286-0.776, p=0.003). Moreover, there was no consistent pattern suggestive of withdrawal effects or rebound insomnia from suvorexant. There were no deaths noted in the study. Similar proportions of individuals treated with suvorexant or placebo discontinued treatment because of adverse events (11.7 vs 8.5%). The proportion of individuals with >1 serious adverse events was similar among the treatment groups (5.2% for the suvorexant treatment group vs 6.6% for the placebo treatment group). Somnolence was the adverse event with the highest incidence of discontinuations (4 vs 1%). Common adverse events noted in the study were somnolence (13.2 vs 2.7%) followed by fatigue (6.5 vs 1.9%) and dry mouth (5 vs 1.6%). There were no clinically meaningful differences between groups in vital signs or laboratory values.
individuals ≥65 years in age, it was not possible as the results were not stratified by age in this study.
Efficacy was assessed daily throughout the study by electronic morning sleep diaries completed by participants. The subjective measures included subjective total sleep time (sTST), subjective time to sleep onset (sTSO), subjective wake after sleep onset (sWASO), subjective number of awakenings (sNAW), subjective quality of sleep (sQUAL) and subjective refreshed feeling on waking (sFRESH). Clinician Global Impression of Severity (CGI-S), Clinician Global Impression of Improvement (CGI-I), Patient Global Impression of Improvement (PGI-I) and Patient Global Impression of Severity (PGI-S) were completed at week 2 and at months 1, 3, 6, 9, 12, 13 and 14. Phone calls were conducted during each of the intervening months. Participants completed the Insomnia Severity Index (ISI) scale at week 2 and at months 1, 3, 6 and 12.
Safety assessments were conducted by open-ended questioning for adverse events at each clinic visit and during phone calls conducted at the intervening months. The Columbia Suicide Severity Rating Scale (CSSRS), laboratory studies and EKG were also conducted at the clinic visits. The Motor Vehicle Accidents and Violations (MVAV) questionnaire and the Quick Inventory of Depressive Symptomatology-Self Report (QIDS-SR) were also administered. The investigators found that the effects of suvorexant on sleep parameters observed earlier in the study were maintained throughout the 3-month period. They also found that the effects of suvorexant were more pronounced for sleep maintenance outcomes (sTST and WASO) when compared to sleep onset outcomes (sTSO and LPS). Additionally, suvorexant 40/30 mg appeared to be modestly more effective than suvorexant 20/15 mg for most sleep measures and at all the time points.
During the 3-month period, the individuals who were treated with suvorexant or placebo were found to have similar incidences of adverse effects (AEs) and discontinuation rates owing to AEs. In the suvorexant 40/30 mg group, there were 0.8% of individuals with serious AEs, when compared to 0.6% individuals with serious AEs on 20/15 mg of suvorexant and 2.1% of individuals with serious AEs in the placebo group. Next day somnolence was more common in the suvorexant group; however, somnolence that was severe enough to necessitate discontinuation occurred in <2% of the individuals in any of the treatment groups. The proportion of individuals reporting excessive daytime sleepiness was low among all groups. However, the proportion was higher among the suvorexant groups (0.4-0.8%) when compared to placebo groups (0-0.3%).
The investigators did not discover any clinically relevant changes in laboratory, vital sign, or electrocardiogram measures during the study period. They found that the mean changes from baseline in weight and proportions of patients with ≥7% increase or decrease in weight were similar between treatment groups in each trial. Rebound insomnia was slightly more common
Herring et al.
The study by Herring et al. included two RCTs of participants who met DSM-IV-TR criteria for primary insomnia [20] . The two studies were of the dose regimens of 40/30 and 20/15 mg; both included non-elderly (18-65 years in age) and elderly (≥65 years in age) subjects. In each trial there was a 2-week, single-blind placebo run-in followed by 3-month, double-blind, placebocontrolled phase, which included three treatment arms. In addition, Trial 1 had the option for a 3-month double-blind extension phase for those individuals who completed the initial treatment phase. In both trials, there was a 1-week doubleblind run-out at the end of treatment phase at 3 or 6 months. Although we wanted to investigate the outcomes exclusively among individuals ≥65 years in age, it was not possible as the results were not stratified by age in these two studies.
Once the participants completed the run-in period, they were randomized to 3 months of treatment with suvorexant 40/30 mg, suvorexant 20/15 mg, or placebo. The doses were adjusted for age (<65 years: 40 mg or 20 mg; >65 years: 30 mg or 15 mg). The randomization was performed in a 3:2:3 ratio in Trial 1, and a 1:1:1 ratio (Q-cohort) or a 2:1:2 ratio (PQ-cohort) in Trial 2. After the run-out at the end of treatment, half of those individuals who were initially randomized to suvorexant were again randomized to receive either the same dose of suvorexant (suvorexant to suvorexant) or were switched to placebo (suvorexant to placebo) in a 1:1 ratio. Those individuals who were initially randomized to placebo were continued on placebo (placebo to placebo).
For the suvorexant 40/30 mg group, the primary efficacy end points were change from baseline at months 1 and 3 for subjective (sleep diary) and objective (PS) measures of sleep maintenance (sTST, WASO) and sleep onset (sTSO, LPS) from baseline to months 1 and 3, respectively. The secondary end points were changes in these variables that were assessed at week 1 for the subjective end points (sTST and sTSO) and night 1 for objective end points (WASO and LPS). For the suvorexant 15 mg group, these variables were assessed as secondary end points in Trial 1 and exploratory end points in Trial 2. Additional exploratory end points included the sleep diary end points -WASO, number of awakenings, sQUAL, sFRESH and the rating scale end points -ISI, CGI-S, PGI-S, CGI-I, PGI-I. REVIEW -Suvorexant for insomnia in older adults drugsincontext.com among older adults (age criteria not defined) concluded that, although data on suvorexant are limited, this drug appears to improve sleep maintenance and has mild adverse effects, including somnolence and residual daytime sedation [22] . The use of benzodiazepines, particularly long term, is discouraged in the geriatric population. NonBzRAs have improved safety profiles when compared to benzodiazepines. However, their side effects including cognitive impairment, serious injury and fractures limit their use. Sedating low-dose antidepressants should only be used for insomnia in individuals with comorbid depression. Antipsychotic agents, pramipexole and tiagabine have not been well studied in older adults, and all have considerable adverse effects. Gabapentin may be useful among individuals with restless leg syndrome or chronic neuropathic pain and insomnia. Diphenhydramine should be avoided in the elderly given its significant adverse effect profile. Valerian and melatonin are unregulated products that have a small impact on sleep latency but can produce residual sedation. Ramelteon had minimal adverse effects and is effective for sleep-onset latency and increased total sleep time making it an option for treating insomnia in the elderly.
The evidence from this review is consistent with the conclusions of the two previous meta-analyses that evaluated the efficacy and tolerability of suvorexant for primary insomnia [16, 17] . However, all the studies included only individuals with primary insomnia and limited clinical comorbidities. Hence, it is unclear from these studies whether the efficacy and tolerability of suvorexant will be similar for individuals with other sleep disorders or comorbidities. Even so, available data indicates that suvorexant improves multiple subjective and PS sleep parameters among both younger and older adults and is well tolerated.
Conclusion
Suvorexant is a dual orexin receptor antagonist (DORA) that was approved by the FDA in 2014 for the treatment of insomnia. Available evidence from three RCTs indicates that suvorexant benefits older adults with the diagnosis of primary insomnia and is well tolerated. Based on available evidence, suvorexant could be safely used for the treatment of insomnia among older adults. However, data from multiple large RCTs with good methodology specifically examining older adults with insomnia are still essential for definitive conclusions regarding the safety and efficacy of suvorexant in this population.
among individuals who switched from suvorexant to placebo in both trials. In Trial 2, the investigators found that there were more individuals meeting the prespecified withdrawal criteria on the first night among the group that switched from suvorexant 40/30 mg to placebo when compared to the individuals who continued on suvorexant 40/30 mg. However, they did not meet the withdrawal criteria on the remaining nights.
Discussion
Our review of the literature did not identify any RCTs that evaluated the efficiency and tolerability of suvorexant for insomnia exclusively among individuals who were ≥65 years in age. However, the three RCTs included in this review that appraised the efficacy and tolerability of suvorexant for insomnia also included individuals ≥65 years in age. All three studies fulfilled the criteria for being of good quality based on the items listed by the CEBM for the assessment of RCTs.
A major drawback for all three trials was that the investigators did not stratify the outcomes (efficacy and adverse effects) for individuals ≤65 years in age when compared to ≥65 years in age. Despite this limitation, available data from these RCTs indicate that suvorexant improves both subjective and PS sleep parameters for sleep onset and maintenance among older individuals with primary insomnia and is generally well tolerated.
The strength of this review includes the collection and evaluation of data from five large databases in an organized manner. The limitations of this review include the use of data exclusively from published RCTs, limiting the search to English language publications and the lack of strict adherence to the guidelines of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [21] . Furthermore, we did not utilize statistical methods to evaluate for the heterogeneity between the included studies or to assess the efficacy or tolerability of the treatments.
The RCTs included in this review had good methodology, large number of participants and included individuals from multiple sites across different countries/continents. Multiple subjective and PS sleep parameters were used as outcome measures and adverse events were carefully assessed.
In a recent review that evaluated the safety and efficacy of benzodiazepines, non-BzRAs, suvorexant, ramelteon, doxepin, trazodone and off-label drugs such as other antidepressants, antihistamines, antipsychotics, gabapentin, pramipexole, tiagabine, valerian and melatonin for insomnia
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